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Purpose: To evaluatetheimprovementin electron density measurementandmetalartifact reductionusingorthovoltagecomputed
tomography(OVCT) imagingcomparedwith conventional kilovoltageCT (KVCT).

Method and Materials: We constructeda bench-top CT imagingsystemwith adjustablex-ray tubevoltageup to 320kVp. A
commercial tissue-characterization phantom loadedwith varioustissuesubstituteinsertsandtwo metalinserts– Titanium (Ti) and
Aluminum (Al) werescannedusing 125kVp (KVCT) and320kVp (OVCT) x-rays, respectively. Themetal artifactsareevaluatedin
two ways– visually in theconstructedaxialCT imageandby thedeviationof estimatedelectron density from trueelectrondensityfor
uniform materialsoutside themetal. Thestoichiometric calibrationcurves wereobtainedfor both KVCT andOVCT imagingsystem
by following theSchneider method.

Results:Themetal streak artifactsare seento bereducedsignificantly in OVCT image thanin KVCT image, especiallyin thearea
near Ti insert.Thedeviation of estimatedelectrondensityfor the materialsoutsidethemetalarealsoreducedsignificantly by using
OVCT thanby usingKVCT: from 42%(maximum)and18%(root-mean-square) to 12%and2.0% for heavy artifact area, andfrom
12%(MAX) and3.0% (RMS) to 6.3%and1.4%for light artifactarea, respectively. TherelationshipsbetweenCT numbers
(Hounsfield Unit) andrelativeelectron densities (to water)aremorepredictable for bothtissuesubstitutesand realbiologicaltissues
usingOVCT than usingKVCT. Unlike KVCT, thecalibrationcurvefor OVCT is insensitiveto thetissue substitutesselectedfor
directelectrondensitycalibration.

Conclusion: OVCT may bea goodoption for high precisionradiotherapytreatmentplanning, especiallyfor patientswith metal
implantsandespeciallyfor chargedparticle therapy,suchasproton therapy.
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